Background: Patients with stroke should have access to a continuum of care from organized stroke units in the acute phase, to appropriate rehabilitation and secondary prevention measures. Moreover to improve the outcomes for acute stroke patients from an organizational perspective, the use of multidisciplinary teams and the delivery of continuous stroke education both to the professionals and to the public, and the implementation of evidence-based stroke care are recommended. Clinical pathways are complex interventions that can be used for this purpose. However in stroke care the use of clinical pathways remains questionable because little prospective controlled data has demonstrated their effectiveness. The purpose of this study is to determine whether clinical pathways could improve the quality of the care provided to the patients affected by stroke in hospital and through the continuum of the care.
Background
Stroke represents one of the major public health problems worldwide. Despite advances in stroke prevention, diagnosis, treatment, and rehabilitation, stroke causes 9% of all the deaths around the world and stroke-related disability has been judged to be one of the most common causes of disability. In industrialized countries stroke remains a major cause of acute hospitalization with mortality rates at 28 days following the acute onset at approximately 20%. This accounts for more than 4% of direct health-care costs [1] [2] [3] .
The American Stroke Association's Task Force on the Development of Stroke Systems outlined that the obstacles in translating scientific advances into clinical practice for stroke are often related to a fragmentation of strokerelated care caused by inadequate integration of facilities and professionals that should closely collaborate in providing stroke care. This potentially contributes to the high morbidity, mortality and economic cost of this disorder [4] . Other studies also suggest that establishing wellorganized and multidisciplinary stroke care can help improve the quality of service delivered and reduce stroke mortality rates [5, 6] .
According to the Helsingborg Declaration in 2006 on
European Stroke Strategies, all patients in Europe with stroke should have access to a continuum of care, from organized stroke units in the acute phase through to appropriate rehabilitation and secondary prevention measures. Consequently to improve the outcome for acute stroke patients, the optimization of the use of multidisciplinary teams, the development of better ways to deliver a continuing stroke education to the professionals and to the public, the implementation of evidence-based stroke care and the evaluation of different models of stroke services were identified as research and development priorities in stroke care from an organizational perspective [7] .
A recent review showed that clinical pathways are tools that can help to achieve these goals when applied to stroke care [8] . Clinical pathways are complex interventions for the mutual decision making and organization of care processes for a well-defined group of patients during a well-defined period with the aim of enhancing the quality of care across the continuum by improving riskadjusted patient outcomes, promoting patient safety, increasing patient satisfaction, and optimizing the use of resources. Their defining characteristics also include an explicit statement of the goals and key elements of care based on evidence, best practice, and patient expectations; the facilitation of communication amongst the team members and with patients and families: the coordination of the care processes by coordinating the roles, and sequencing the activities of the multidisciplinary care team, patients and their relatives; the documentation, monitoring, and evaluation of variances and outcomes; and the identification of the appropriate resources [9] .
The purpose of the Clinical Pathways for Effective and Appropriate Care Study was to determine whether clinical pathways could improve the quality of the care provided to patients who have been affected by stroke both in hospital and through the continuum of the care.
Objectives
The main objective of the trial is to evaluate the effectiveness of the implementation of clinical pathways for acute stroke care and rehabilitation within a sample of Italian hospitals and rehabilitation long-term care facilities. The hypothesis is that clinical pathways would be more effective than usual care in treating stroke patients and that the clinical pathways would reduce both patient mortality and improve patient outcomes.
The secondary objective is to determine whether clinical pathways increase the appropriateness of the care provided to the patients in hospital and through the continuum of the care and its effects on the outcomes.
The third objective is to determine whether clinical pathways help to implement organized care in acute stroke care and rehabilitation facilities and its effects on the outcomes [5] .
A pilot study to define baseline levels of performance in acute stroke care and rehabilitation facilities has been described previously in a separate protocol [10] .
Methods

The Project
The Clinical Pathways for Effective and Appropriate Care Study was promoted and funded by the Italian Ministry of Health (Special Programs art. 12 bis D.lgs 229/99) and Marche Region. The funding sources played no role in the design, conduct, analysis, interpretation, or reporting of the study. The study's Steering Committee defined the study's objectives, clinical topics, scheduling and design. The Regional Healthcare Agency of Marche Region coordinated the project and provided administrative support.
Study design
The Clinical Pathways for Effective and Appropriate Care Study was designed as a multi-centre cluster randomized controlled trial, in which the experimental group contains stroke patients treated according to specific clinical pathways, while the control group received usual care. A cluster design was used (with single hospitals and rehabilitation long-term care facilities of the same area as the randomization units) because of the Ethical and logistical issues associated with the implementation of clinical pathways, which involves a series of complex actions at institutional level [11] [12] [13] [14] .
Randomization
Thirty four units based in nine Italian Regions were invited to participate in the study (figure 1). Twenty nine units (hospitals and rehabilitation long-term care facilities within the same area) showed interest in the implementation of the clinical pathways for the acute care and rehabilitation of stroke and were assessed for eligibility. The selection of the units was based on the comparability of their location, patient population, facilities and teaching status both for hospitals and rehabilitation long-term care facilities. To participate in the study the administrators of the hospitals and the rehabilitation long-term care facilities had to allow the institution to be allocated to either of the two strategies (clinical pathway or current practice) for a 1-year period and agree not to implement a clinical pathway for the acute care and/or rehabilitation of stroke if assigned to the usual care group.
Nine units were excluded because they did not meet the inclusion criteria and five units withdrew after the project commenced following a decision by their management (three units withdrew after project pre-test and two units withdrew after project kick off). One unit could not provide reassurance that they would not implement a pathway if assigned to the control group and therefore they 
Units invited to participate (n=34)
Units assessed for eligibility (n=29) were not included in the study sample. The remaining units were randomized to either of the two arms. A simple randomization was carried out before the intervention and patient recruitment started, using a computer-generated sequence with allocation concealment. Fourteen units were selected and randomized. Blinding of patients and clinicians was not possible.
Study evaluations
The primary outcome measure was patient mortality 30-days following the stroke. Thirty-day mortality was defined as the proportion of ischemic stroke events that are fatal within 30 days from the onset. Stroke fatality was chosen as main outcome because it is clinically relevant, objectively measured, and reliably coded [5] . The impact of the clinical pathways, comparing the length of the inhospital stay, the hospital re-admissions rates, the institutionalization rates after hospital discharge, the patients' dependency levels, and complication rates along all the continuum of the care were also analyzed. The list of outcome indicators is reported in table 1.
The quality of the care provided to the patients was assessed by monitoring the use of diagnostic and therapeutic procedures during hospital stay and rehabilitation, and by the use of key quality indicators at discharge as reported in previous studies (table 2) . The implementation of organized care was also evaluated (table 3) .
Study subjects
The sample included all patients admitted to the hospitals during the experimental period with a principal diagnosis of acute ischemic stroke (ICD-9CM code 434.91) and a minimum age of eighteen. A baseline was verified by comparing the two groups on the admission measuring patients' age, sex, co-morbidities (based on the CharlsonDeyo index), risk factors (including smoking, diabetes, preexisting heart diseases, hyperlipidemia and hypertension) and symptom severity (using the Functional Independence Measure -FIM scale). Patients with hemorrhagic strokes (all ICD-9CM codes included in 431.xx code) and transient ischemic attacks (ICD-9CM code 435.9) were excluded.
Study sample
A calculation was made to identify the sample size needed to detect a statistical difference in the 30-days mortality rate. As between 8% to 17% of ischemic stroke patients die within 30 days of the incident, it was expected that the clinical pathways would succeed in limiting mortality to 8% and would therefore be clinically relevant [3, 15, 16] . Based on this goal a sample size of 476 patients (238 in each group) was required for the study to have 80% power at the 5% significance level. The sample size calculation was performed according to standard criteria for cluster randomized trials. The sample size was adjusted using an inflation factor of 1.43 to account for the cluster randomization: 7 clusters per trial arm, cluster size of 24 patients, ICC of 0.018 [17] [18] [19] .
Intervention
The project started at each hospital with a grand round that outlined the project protocol. One physician or nurse with at least two years of experience of clinical pathways was assigned to each hospital in the experimental group, in order to facilitate project implementation (this included staff education in the use of the clinical pathway). The teams included internal medicine physicians, neurologists, physiatrists, epidemiologists, physiotherapists, occupational therapists, nurses, hospital pharmacists, psychologists, social workers and support staff. The teams were formed on a voluntary basis, they received three days training in the development of clinical pathways and then they developed their clinical pathway over a 6-month period. All groups analyzed their care processes, reviewed best evidence (this was provided by senior investigators), defined the appropriate goals of the pathways, compiling the results into protocols and documentation. This included the sequencing of events and expected progress of the patients over time [9, 20] .
The clinical pathways were analyzed by the EBM unit of the Regional Healthcare Agency of Marche and they were judged consistent with current recommendations for the diagnosis and the treatment of stroke. After the validation of the pathways each unit team educated its staff in the use of the clinical pathway and monitored the use of the pathway. This meant that the clinical pathways used in the study were not completely identical because of organizational adaptations at some sites. However, they all substantially adhered to the existing Italian guidelines on the hospital treatment for stroke [21] .
Data analysis
Data was prospectively collected by local staff for both the interventions and the control groups (physicians and nurses had been trained prior to commencement of the study at two educational events in order to do this). Incentives for the local staff were not used. Data was collected using a standardized data extraction instrument which utilized web technology. This allowed only data without unique personal identifiers, but with a unique study identification code (and therefore anonymous), to be entered into a secure database housed at the University of Eastern Piedmont.
The analysis will be performed by the research team. In addition to common descriptive statistics (Fisher exact and Kruskal Wallis test for categorical and continuous variables, respectively), that will be performed at the cluster level, the differences in the rate of 30-days mortality across groups and according to each variable under study will be evaluated using random-effects logistic regression, thus accounting for the clustering effect [5, 22, 23] . Variables will be included if significant at the 0.10 level (backward approach), with the exception of age which will be forced to entry. The presence of multicollinearity, interaction and higher power terms will be assessed to check final model validity.
Statistical significance will be defined as a two-sided pvalue < 0.05. All analyses will be intention-to-treat and will be carried out using Statistica statistical software.
Ethics
The project received ethical clearance as a prerequisite of approval for funding from the Italian Ministry of Health, according to the Italian Ministry of Health law number (ex art. 12bis D.lgs 229/99). The managers in each unit have consented to their clinic taking part in the trial. Patient's consent to be randomized to the intervention or control arms has not been obtained, because according to the study design randomized occurred at the unit level. However all individual patients gave consent to participate in the study and had the opportunity to withdraw from the study at any time. All patients' data was managed according to the Italian Data Protection act.
Discussion
The aim of this study is to improve the quality of care through clinical pathways and thus should not imply any risk for the patients affected by the study. It is difficult to imagine that interventions based on better evidence and appropriate use of technologies and drugs could worsen the quality of care when compared to usual care. However despite continuing international interest in implementing clinical pathways, the evidence base for their effectiveness in improving the quality of stroke care is still inconclusive [8] . Clinical pathways could be defined as a complex intervention in which a number of separate elements are essential to the functioning of the intervention, but the "active ingredient" that is effective is difficult to specify [11] . For this reason it could be problematic to evaluate properly clinical pathways mainly because of the difficulty of keeping the intervention replicable and recognizable. However we think that a cluster randomized controlled trial design is the most appropriate to evaluate clinical pathways [24] .
To standardize the intervention we defined as standard the steps in the change process or the key functions that the elements of the intervention were meant to improve according to each context. Moreover our indicators were driven by the theory and concerned the functions provided by the key elements of the clinical pathways that were based on expected adherence to the same evidences. So we think that this helped to keep the integrity of the intervention in each site [10, 25] .
We also think that the outcome measures chosen were well-suited to measuring the impact clinical pathways have on stroke care, because they were measures that evaluated most of the perspectives of stroke care from acute to rehabilitation settings. In particular two outcome measures -mortality and organized care -can help to investigate the new hypothesis which is to understand how clinical pathways can work. In fact the management of patients affected by stroke involves the expertise of several professionals, which can result in poor coordination or inefficiencies in patient treatment, and clinical pathways can significantly improve the outcomes of these patients. However, the active ingredient of clinical pathways is unclear, so we think that our study will help to better understand which mechanisms within the clinical pathways can really improve the quality of care. 
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